Affinity chromatography has been used to purify adenosine deaminase from calf thymus to apparent homogeneity. This enzyme is characterized by a peculiar instability when incubated at room temperature in neutral solution ; however, adenosine deaminase from other sources is generally remarkably stable. Since the properties of the enzyme purified from calf and chicken duodena, calf spleen, etc. by our general method of affinity chromatography (Rossi er ul., 1974) parallel those of the enzyme preparations obtained by traditional methods, we decided to investigate the molecular features of calf thymus adenosine deaminase.
For preparation of the selective enzyme adsorbent 9-(p-aminobenzyl)adenine was used. This compound is an ideal ligand because it is a strong competitive inhibitor of adenosine deaminase of thymus (KL 3 p~) .
It was synthesized by direct alkylation of adenine with p-nitrobenzyl bromide (Giovanninetti et al., 1974) followed by catalytic reduction of 9-(p-nitrobenzyl)adenine (Rossi et al., 1974) .
The adsorbent was synthesized by coupling 9-(p-aminobenzyl)adenine to CNBractivated Sepharose but the free amino group of the inhibitor was not coupled directly to agarose; because of the possibility that these ligands might lie too close in space to the gel matrix to interact with the enzyme, side chains terminating in free carboxylate groups were attached to agarose by the use of 3,3'-diaminodipropylamine and succinic anhydride as described by Cuatrecasas (1970) . Coupling of the inhibitor to the resin was obtained in the presence of a water-soluble carbodi-imide, as previously described (Rossi et al., 1974) . Adenosine deaminase is selectively retained by this resin when crude extracts are chromatographed on it.
The crude enzyme extract used was prepared as follows. The supernatant (14000g) from fresh calf thymus homogenized in ice-cold buffer at pH7.0 (50m~-phosphate) was adjusted to pH4.7 with 0.1 M-HCI and the precipitate was removed by centrifugation (14000g). This supernatant was neutralized with 0.1 M-NaOH, and dialysed overnight against the extraction buffer in the cold.
Adenosine deaminase activity was measured spectrophotometrically by following the decrease in absorbance at 265nm resulting from the conversion of adenosine or 2'-deoxyadenosine into inosine or 2'-deoxyinosine in 0.1 M-sodium phosphate buffer, pH 7.0. The hydrolysis of 6-chloropurine riboside was measured by following the increase in absorbance at 255nm. The unit of activity is the amount of enzyme which will deaminate 1 pmol of adenosine/min at 37°C.
After adsorption of the enzyme the column can be washed extensively with the extraction buffer. Quantitative elution of the enzyme is achieved by Im~-guanylurea (a competitive inhibitor) in 0.1 M-phosphate buffer, pH7.8.
This enzyme preparation has a specific activity of 400 units/mg (37°C) and is homogeneous as shown by analytical gel electrophoresis and sucrose-density-gradient centrifugation. The molecular weight, determined by comparative elution from Sephadex gels, ranges from 39000 to 41000. The pH optimum is equal to 7 and the K,,, values for adenosine, 2'-deoxyadenosine and 6-chloropurine riboside are 22, 4 and 3 1 O p~ respectively. Purine riboside behaves as a competitive inhibitor (K, 5pM).
Electrophoresis on cellulose acetate followed by substrate-specific staining revealed only one band; a parallel strip stained with Amido Black for proteins revealed only the same protein band that shows adenosine deaminase activity.
Reaction of the enzyme, denaturated with 2% (w/v) sodium dodecyl sulphate, with a large excess of 5,5'-dithiobis-(2-nitrobenzoic acid) shows that there are two thiol groups per molecule. With the native enzyme only one of these groups reacts with no loss of enzymic activity.
Two thiol groups react withp-chloromercuribenzoate in the native enzyme with complete loss of activity.
A solution of 1OOpg of enzyme/ml of 50m-phosphate buffer, pH7, loses activity when kept for 2 days at room temperature; a much faster inactivation was observed with increasing enzyme concentration. Treatment of the enzyme with N-ethylmaleimide prevents the loss of activity observed on storage at room temperature.
The N-ethylmaleimide-treated enzyme is inactivated by p-chloromercuribenzoate and a stoicheiometric relationship exists between the equivalents of mercaptide formed and the inactivation of the enzyme. Fig. 1 shows that the presence of a substrate analogue, purine riboside, strongly protects both the native and the N-ethylmaleimide-treated enzyme against the p-chloromercuribenzoate inactivation, indicating that the thiol group reacting with p-chloromercuribenzoate in this experiment may be associated with the active site of the enzyme. Native or N-ethylmaleimide-treated enzyme (15nmol) was incubated with 150nmol of p-chloromercuribenzoate in lml of O.O~~-sodium phosphate buffer, pH7. The increase in absorbance at 2501x11 was followed with time, and at intervals samples were taken for measurement of adenosine deaminase activity. Native enzyme in the presence of pchloromercuribenzoate alone (0) or plus 100pM-purine riboside ( 1 3 ) ; N-ethylmaleimida treated enzyme plus p-chloromercuribenzoate ( 0 ) or plus 100m-purine riboside (m).
Substitution of the thiol group reacting with N-ethylmaleimide or 5,5'-dithiobis-(2-nitrobenzoic acid) in the native enzyme leads to the following changes in the enzyme properties : an increase in K,,, for adenosine, deoxyadenosine and 6-chloropurine riboside to 45,ll and 6 7 0~~ respectively and a similar increase to 1 3~~ for the Kt of purine riboside; moreover an increase in the rate of inactivation by p-chloromercuribenzoate ( Fig. 1) and a complete protection against inactivation by storage at room temperature are observed.
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Concanavalin A bound to agarose has been used for the purification of glycogen synthetase D and I from human polymorphonuclear leucocytes (Sslling & Wang, 1973) . We have also been able to purify the glycogen particle with glycogen synthetase and its activating enzyme glycogen synthetase phosphatase as a functional unit. The 17000g supernatant of a leucocyte homogenate was directly applied to a column of concanavalin A-Sepharose equilibrated with SO~M-T~~S-HCI, pH 7.4, containing lm-dithiothreitol. The column was washed with 5 bed volumes of buffer and the glycogen particle was eluted with l0m-mannose in the same buffer. The purification of glycogen synthetase with regard to protein was 1500 times and the glycogen-particle preparation contained only negligible phosphorylase, amylo-l,d glucosidase and glucosidase transferase activities. No protein kinase activity was found, whereas the preparation was able to inactivate muscle phosphorylase a.
The glycogen-particle preparation was used to examine the inhibition of the conversion of the D form of glycogen synthetase into the I form by phosphorylase a, described by Stalmans et al. (1974) in mouse and rat liver. The glycogen-particle preparation was incubated at 25°C for 30min in the above buffer with different amounts of muscle phosphorylase a. It was found that muscle phosphorylase a in a concentration as low as 60munits (nmol/min)/ml exerted a strong inhibition on the D into I conversion.
During the incubation phosphorylase a activity, measured without AMP, decreased to very low values. The activity measured in the presence of 1 m -A M P also decreased, but the ratio between the activities measured without and with AMP fell from 0.6 to 0.2. In spite of the decrease in phosphorylase a activity, no conversion of D into I occurred. Addition of 2m-glucose 6-phosphate, which promotes the conversion, was able to overcome the inhibition by phosphorylase a. 41, [127] [128] [129] [130] [131] [132] [133] [134] 
